The determination of the reaction time to a tactile stimulus is a standard exercise in the practical physiology class, but the student does not always realize just how little weight can be attached to the figures he obtains. Lele, Sinclair, and Weddell (1954) have stressed the great variability of measurements made under different conditions. For example, with a constant force, statistically significant differences occur between corresponding test sites in different subjects and between different test sites in the same subject. Conversely, significant differences in the figures obtained from a given site can be produced by altering the force. The present investigation was undertaken to find out whether a similar variability characterized the reaction times derived from contact thermal stimuli. PROCEDURE A copper cylinder with a circular diameter was brought to the selected temperature by heating it electrically or by placing it in contact with ice. The temperature of the tip was measured by a thermocouple correct to +0 25°C
., and the temperature of the skin was taken with similar accuracy by a freely suspended thermoelectric junction ofcopperconstantan wire (Lele, 1954 Five subjects with no experience of sensory tests involving thermal stimuli were used, and on the left hand of each subject one or more test sites were stamped out with ink ( Fig. 1) . At each session the first step was to allow the skin temperature of the test site to come to equilibrium in a draught-proof room, and the next was to determine the sensory thresholds to cold and warm in the manner described by Lele (1954) ; as soon as these had been found reaction time measurements were started, the interval between two successive stimuli being varied randomly between two and six minutes. The subject was told that the stimulus might be warm, cool, or thermally neutral, and that he was to press the key as soon as he could tell which it was, simultaneously stating his decision. The order in which different stimulus intensities were applied was made up beforehand, using a table of random numbers, and the stimulator was allowed to remain in position for 20 Comparison of Cold and Warm.-In three of the subjects the thresholds for cold and warm were equally spaced on either side of the skin temperature, and it was thought legitimate to attempt to compare the effects of " thermally equivalent " warm and cold stimuli in these subjects, i.e., pairs of stimuli whose temperature was equidistant from the skin temperature. The results of this comparison are shown in Table IV . In one subject no statistically significant differences could be demonstrated between cold and warm reaction times, but in the other two the warm times were invariably significantly smaller than the cold times.
Site Variable
Comparison of Different Sites in Same Subject. In three subjects the finger site B was compared with the hypothenar site A, using threshold stimuli for each site. Table V shows a tendency for the thresholds for both cold and warm stimuli to be higher on the finger, but no general trend among the reaction times. The only significant difference (Table II) . Similarly, the response to a threshold cold stimulus on the hypothenar site took 0-82 seconds in one subject and 199 in another (Table III) . Both these differences are statistically significant.
DISCUSSION
Evidently the reaction time to touch is not unique in its capacity to vary grossly with the experimental conditions, for we have shown that alterations in the intensity of the stimulus can cause statistically significant alterations in the reaction times to both cold and warm stimuli. We have also found that, when comparisons are based on threshold stimu- When stimuli of gradually increasing temperature are applied to the skin, they are at first appreciated as cold, then thermally neutral, then warm, and finally painful. At either end of the thermally neutral zone lie the thresholds for warm and cold. Now Lele (1954) has shown that the position of this neutral zone on the thermometric scale varies fairly closely with the skin temperature of the test area, which may fluctuate from time to time and from place to place. Cold and warm thresholds, measured in terms of a fixed temperature scale, are thus extremely labile, and a stimulus of a given temperature applied to a given area might be perceived as cold, neutral or warm according to the local condition of the skin. On the other hand, thresholds measured in terms of the skin temperature remain more or less constant over a wide range of temperatures (Lele, 1954) . Now at threshold intensity we may conceive that the obstacles lying between the stimulus and the end-organs which it is to activate have been overcome, and enough energy has arrived at the nerve terminals to arouse a propagated disturbance of a kind which will be interpreted on arrival at the brain as a thermal sensation. Further increases in the amount of energy arriving will be interpreted as increases in the intensity of the sensation, and the threshold is thus the logical zero point for any scale of measurement of intensity of either sensation or stimulus. Exactly the same considerations apply to stimuli involving other modalities. It is probable that the tactile threshold, for example, varies with the local conditions, and so we are not justified in comparing results obtained in different areas or at different times by the use of stimuli measured in absolute and not in relative terms. Little attention has been paid to such matters in the past, and perhaps some of the numerous discrepancies in work on skin sensation stem from this cause.
In the present investigation the cold and warm thresholds were usually spaced equidistant from the skin temperature, and measurements of stimulus intensity are given in degrees measured from the skin temperature. Where the thresholds are equivalent we may tentatively assume that suprathreshold stimuli equidistant from the thresholds are also equivalent, and so compare the reaction times to cold and warm. Such evidence as we have suggests that under these experimental conditions there is a tendency for the reaction time to a warm stimulus to be shorter than the reaction time to a cold stimulus of equivalent intensity. This is in contrast to the findings of Jenkins (1938) under different experimental conditions.
The variability of the reaction time to thermal stimuli has not received much attention in the literature. Bazett, McGlone, Williams, and Lufkin (1932) used reaction time measurements to determine the depth from the skin surface of the receptors for warm and cold, but the assumptions made in their calculations must now be considered unwarranted. In 1937 Hardy and Oppel noticed that the threshold for warm depends on the area of the stimulus, and in 1938 Jenkins found that the reaction time to warm is affected by stimulator size, though curiously he did not observe any such effect with cold stimuli. Lele (1954) has shown that both warm and cold thresholds vary according to stimulus size, and this may be correlated with the work of Wright (1951) who found that the reaction time to a radiant heat stimulus varies with the size of the stimulus. Wright (1951) also showed that for radiant heat the reaction time depends on the intensity of the stimulus, and both these findings have since been confirmed by Lele, Weddell, and Williams, (1954) .
Perhaps the most important implication of our present extension of these investigations is that thermal reaction times are so dependent upon experimental conditions as to make it unjustifiable to use them to allocate specific conduction velocities to thermal sensations. The same has already been demonstrated for touch sensibility (Lele, Sinclair, and Weddell, 1954) and is probably also true for painful sensations. Reaction time measurements have in the past provided one basis for the idea that specific sensory modalities are carried in specific ranges of fibre sizes to the central nervous system, and that the " pain fibre" is distinguishable from the " touch fibre " by its size. It is true that the thermal reaction times we have reported in this paper are in general somewhat longer than the touch reaction times we reported elsewhere (Lele, Sinclair, and Weddell, 1954) , but this cannot be taken to mean that thermal sensations are in general carried in smaller and more slowly conducting sensory fibres.
The reaction time is the sum of many smaller times; the time taken for initiating conduction, for conduction itself, for perception and judgment, for synaptic crossings, and for traversing the efferent pathway (Michon, 1939; Monje, 1934) . Only if it is assumed that the conduction time alone is variable can any estimate of the conduction velocity be made, and this assumption we have no right to make. Indeed, for touch stimuli it has been shown clearly to be false (Lele, Sinclair, and Weddell, 1954 
